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ADVANCED REFRACTORY ALLOY CORROSION LOOP PROGRAM 
I INTRODUCTION 
Th i s  r e p o r t  covers  t h e  per iod from October 15, 1969 t o  January 15, 
1970. The primary t a s k  of t h i s  program i s  t o  f a b r i c a t e ,  ope ra t e  f o r  
10,000 hours  and e v a l u a t e  a T-111 Rankine System Corrosion T e s t  Loop. 
Materials f o r  e v a l u a t i o n  inc lude  t h e  containment a l l o y ,  T-111 (Ta-8W-2Hf) 
and t h e  t u r b i n e  candida te  materials Mo-TZC and Cb-132M which are loca ted  
i n  t h e  t u r b i n e  s imula to r  of t h e  two-phase potassium c i r c u i t  of t h e  system. 
The loop  des ign  w i l l  be s i m i l a r  t o  t h e  Cb-1Zr Rankine System Corrosion 
T e s t  Loop; a two-phase, fo rced  convec t ion ,  potassium co r ros ion  t e s t  loop  
which has  been t e s t e d  under  Contract  NAS 3-2547. Lithium is being 
heated by d i r e c t  resistance i n  a primary loop.  H e a t  r e j e c t i o n  f o r  con- 
densa t ion  i n  t h e  secondary potassium loop  is  being accomplished by 
r a d i a t i o n  i n  a h igh  vacuum environment t o  t h e  water cooled chamber. The 
compa t ib i l i t y  of t h e  s e l e c t e d  materials w i l l  be eva lua ted  a t  cond i t ions  
r e p r e s e n t a t i v e  of space electric power system ope ra t ing  cond i t ions ,  
namely : 
a .  
b .  
C .  
d .  
e .  
f .  
g .  
h .  
Boi l ing  temperature ,  2050OF 
Superheat tempera ture ,  2150'F 
Condensing temperature ,  1400'F. 
Subcooling tempera ture ,  1000°F 
Mass flow ra te ,  40 lb /h r  
Bo i l e r  ex i t  vapor v e l o c i t y ,  50 f t / s e c  
Average hea t  f l u x  i n  plug (0-18 inches ) ,  240,000 Btu/hr f t  
Average hea t  f l u x  i n  b o i l e r  (0-250 inches ) ,  23,000 Btu/hr f t  
2 
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In  a d d i t i o n  t o  t h e  primary program t a s k  c i t e d  above t h e  program 
a l s o  inc ludes  capsule  t e s t i n g  t o  e v a l u a t e  advanced tantalum a l l o y s  of 
t h e  ASTAR 811 type  (Ta-8W-lRe-lHf) i n  bo th  potassium and l i t h i u m .  
(l)Hoffman, E .  E e and Holowach, J .  , Cb-1Zr Rankine System Corrosion Tes t  
Loop, Potassium Corros ion  Test  Loop Development Topical  Report No. 7, 
R66SD3016, General E lec t r i c  Company, C inc inna t i ,  Ohio, May 1, 1968. 
Also included i n  t h e  program is t h e  f a b r i c a t i o n ,  7500-hour oper-  
a t i o n  and eva lua t ion  of a 1900°F, high f l o w  v e l o c i t y ,  pumped l i t h i u m  
loop designed t o  e v a l u a t e  t h e  c o m p a t i b i l i t y  of T-111 c lad  f u e l  specimens,  
ASTAR 811 type  a l l o y s ,  T-111, and W-Re-Mo Alloy 256, a t  cond i t ions  
s imula t ing  a luna r  Brayton Reactor system. 
* 
* 
W-25 a/o Re-30 a /o  M o  (W-29 w / o  R e - 1 8  w / o  Mo) 
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11. SUMMARY 
On January 15, 1970, t h e  T-111 Rankine System Corrosion Tes t  Loop 
s u c c e s s f u l l y  completed 8500 hours of ope ra t ion .  The loop  has opera ted  
on automatic  c o n t r o l  for t h e  pas t  2500 hours.  
F a b r i c a t i o n  and in s t rumen ta t ion  of t h e  1900°F Lithium Loop was 
completed. The loop  w a s  placed i n  t h e  vacuum chambeq pumped down, 
bake-out i n i t i a t e d  and f i l l e d  w i t h  l i t h i u m ,  C i r c u l a t i o n  of l i t h i u m  
was i n i t i a t e d  on 1-15-70. A l o w  power check out of the e n t i r e  system 
has been s t a r t e d  . 
Tes t ing  of t h e  r e f l u x i n g  potassium capsu le  tests of ASTAR 8 1 1 C  
a l l o y  is con t inu ing .  
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111. PROGRAM STATUS 
A .  ~- i i i  mwrm SYSTEM CORROSION TEST LOOP 
1. Loop Operat ing Temperature 
On January 15, 1970 t h e  T-111 Corrosion Test  ,oop successfu  l y  
completed 8500 hours  of the  planned 10,000 hours  of ope ra t ion .  The 
loop  tempera tures  recorded a t  t h e  8500 hour tes t  t i m e  are shown i n  
F igure  1, and t h e  tempera tures  of major i n t e r e s t  are shown on the  loop  
schematic i n  Figure 2 .  The performance of t h e  loop  has been excellent 
and power input  t o  the l i t h i u m  heater remained on automatic  c o n t r o l  f o r  
t h e  pas t  2500 hours w i t h  e x c e l l e n t  temperature  c o n t r o l  being maintained.  
A comparison of t h e  ope ra t ing  cond i t ions  a t  1000 hours ,  5000 hours ,  and 
7500 hours shown i n  Table  I ,  f u r t h e r  exempl i f i e s  t h e  s t a b i l i t y  of t h e  
loop ‘s performance . 
2 .  Turbine Simulator  Performance 
The c a l c u l a t e d  vapor v e l o c i t i e s  of t h e  t u r b i n e  s imula to r  nozz les  a t  
7500 hours are presented i n  Table I1 f o r  a mass f low rate of 36.7 l b /h r  
of potassium. The vapor v e l o c i t y  i n  t h e  superheated f i r s t  s t a g e  w a s  
1090 f t / s e c .  The vapor v e l o c i t y  i n  t h e  88-percent-qual i ty  r eg ion  ranged 
from a high of 1260 f t / s e c  i n  t h e  second-stage nozz le  t o  a low of 1119 
f t /sec i n  t h e  t e n t h  stage nozz le .  
the  1000 f t / s e c  des ign  v e l o c i t y .  
A l l  vapor v e l o c i t i e s  were h ighe r  t han  
The h igher  t han  des ign  v e l o c i t y  is a t t r i b u t e d  t o  t h e  lower than  
predic ted  vapor p re s su re  a t  t h e  i n l e t  t o  t h e  t u r b i n e  s imula to r  due t o  
a higher  t h a n  p red ic t ed  p res su re  drop  i n  t h e  b o i l e r .  The h igher  t han  
predic ted  p res su re  l o s s  i n  t h e  b o i l e r  is due t o  t h e  high hea t  t r a n s f e r  
ra te  i n  t h e  18-inch-long plug and the  r e s u l t i n g  h igh  vapor q u a l i t y  i n  
the en t r ance  s e c t i o n  of the b o i l e r .  For a g iven  mass f low r a t e ,  the 
pressure  d rop  i n  the tube  i s  inve r se ly  p ropor t iona l  t o  t h e  vapor d e n s i t y .  
3 .  Tes t  Chamber Environment-Part ia l  Pressure  Analys is  
The chamber p re s su re  and p a r t i a l  p re s su res  of t h e  va r ious  gaseous 
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Figure 2. T-111 Corrosion Test Loop Operating Temperatures - 8500 Hours. 
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TABLE I 
T-111 RANKINE SYSTEM CORROSION TEST LOOP PERFORMANCE 
Date 
T e s t  Hours 
Lithium Flow R a t e  
Lithium Temperature , In  
Lithium Temperature, Out 
Lithium AT 
Potassium Flow Rate 
Plug Boi l ing  Temperature 
B o i l e r  E x i t  Vapor Temp. 
B o i l e r  Ex i t  S a t u r a t i o n  Temp. 
Potassium Vapor Superheat 
Condensing Temperature 
Potassium Heat Input 
1. Preheat  



















To ta l  Power t o  Lithium Heater 13.2 kw 
T o t a l  Power t o  Potassium 8 . 7  kw 
N e t  Heat Loss 4 .5  kw 
8-22-69 
5000 











27 , 600 Btu/hr 
960 Btu/hr 
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30,230 Btu/hr 
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of loop  ope ra t ion  are shown i n  F igure  3. S imi l a r  d a t a  f o r  t h e  per iod  
from 0 t o  6000 hours of loop  ope ra t ion  were g iven  i n  t h e  preceding 
q u a r t e r l y  r e p o r t s .  (1 '2y3)  I n  t h e s e  F igu res ,  d a t a  p o i n t s  are p l o t t e d  a t  
250 hour i n t e r v a l s  f o r  t h e  sake  of c l a r i t y ,  even though r e s i d u a l  gas 
ana lyses  are obtained every e i g h t  hours  du r ing  loop  ope ra t ion .  A s  shown 
i n  Figure 3 ,  t h e  t o t a l  p re s su re  has  been g radua l ly  dec reas ing  over  t h e  
e n t i r e  tes t  per iod up t o  about 6750 hours  as a r e s u l t  of t h e  d iminish ing  
hydrogen p a r t i a l  p re s su re .  A t  about 6750 hours t h e  hydrogen p a r t i a l  
p ressure ,  which con t inues  t o  be t h e  predominant g a s  i n  t h e  system, 
e s s e n t i a l l y  l eve led  of f  as d i d  t h e  t o t a l  p re s su re .  The pressure  has  
remained e s s e n t i a l l y  cons t an t  f o r  t h e  per iod 6750 through 8000 hour s .  
4 .  Loop Operat ion 
The loop  con t inues  t o  ope ra t e  s t a b l y  and t r o u b l e  free, and has  been 
ope ra t ing  on automatic  c o n t r o l  for t h e  pas t  2500 hours .  
A malfunct ion i n  t h e  S imply t ro l  on t h e  primary EM pump windings 
caused t h e  loop  t o  shutdown a t  0515 on 1-10-70; t h e  loop  w a s  brought 
back t o  t e s t  cond i t ions  w i t h  a loss of approximately one hour of tes t  
t i m e .  During t h e  shutdown t h e  secondary flowmeter became i n o p e r a t i v e ;  
however, t h i s  not a s e r i o u s  problem s ince  t h e  f low can  be c a l c u l a t e d  
from AT measurements i n  t h e  loop .  Approval t o  o p e r a t e  under t h e s e  
cond i t ions  has  been obta ined  from t h e  NASA program managers. 
("Advanced Refrac tory  Alloy Corrosion Loop Program, Quar te r ly  Progress  
Report No. 16  f o r  Per iod  Ending A p r i l  15, 1969, NASA Contract  NAS 3- 
(2)Advanced Refrac tory  Alloy Corrosion Loop Program, Quar te r ly  Progress  
6474, NASA-CR-72560 (GEsp-258) * 
Report N o .  17 f o r  Per iod Ending J u l y  15, 1969, NASA Contract  NAS 3- 
6474, NASA-CR-72592 (GESP-303). 
(3)Advanced Refrac tory  Alloy Corrosion Loop Program, Quar te r ly  Progress  
Report No. 18 f o r  Per iod Ending October 15, 1969, NASA Contract  NAS 
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B .  1900'F LITHIUM LOOP 
During t h e  c u r r e n t  r e p o r t i n g  per iod ,  f i n a l  assembly and instrumenta-  
t i o n  of t h e  1900'F Lithium Loop w a s  completed.  The loop  w a s  placed i n  
t h e  vacuum chamber, evacuated,  baked-out, l eak  checked, and f i l l e d  w i t h  
l i t h i u m .  Low power w a s  app l i ed  t o  t h e  h e a t e r  and a l l  s a f e t y  c i r cu i t s  
checked-out; c a l i b r a t i o n  of t h e  thermocouples and flowmeters was i n i t i a t e d .  
The f i n a l  f a b r i c a t i o n ,  i n s t rumen ta t ion ,  f i l l i n g ,  pump-down, and 
check-out procedures  are descr ibed  i n  d e t a i l  below. 
1. F i n a l  Fabr i ca t  i on  
Following hea t  t r ea tmen t  of t h e  assembled l o o p  (except EM pump and 
surge t a n k )  f o r  1 hour a t  2400'F i n  t h e  vacuum chamber a t  Union Carbide 
Corp.,* t h e  assembly w a s  r e tu rned  t o  Evendale and bo l t ed  i n t o  t h e  s t a i n -  
less s f e e l  support  s t r u c t u r e .  The EM pump and surge  t a n k  were f i t  i n t o  
t h e i r  proper l o c a t i o n s ,  he ld  i n  p l ace  w i t h  temporary suppor t s ,  and t r a n s -  
f e r r e d  t o  t h e  welding chamber. All f i n a l  r e f r a c t o r y  metal weld and 
postweld annea l s  w e r e  t h e n  performed accord ing  t o  GE-NSP S p e c i f i c a t i o n  
03-0025-00-A. These welds w e r e  subsequent ly  radiographed and helium 
mass spec t rometer  l eak  checked and found t o  be f r e e  of d e f e c t s .  The loop 
and support  s t r u c t u r e  were t h e n  mounted on t h e  24-inch d iameter  spool  
piece, and t r a n s f e r r e d  t o  t h e  po r t ab le  laminar  flow c l ean  room f a c i l i t y  
as shown i n  Figure 4 .  A close-up view of t h e  assembled loop  is  shown i n  
Figure 5 p r i o r  t o  a p p l i c a t i o n  of thermal  i n s u l a t i o n  and in s t rumen ta t ion .  
2. Thermal I n s u l a t i o n  and Ins t rumenta t ion  
Thermal i n s u l a t i o n  c o n s i s t i n g  of mul t ip l e  l a y e r s  of Cb-1Zr f o i l  w a s  
s imultaneously app l i ed  t o  t h e  loop as t h e  thermocouples were i n s t a l l e d .  
The f o i l  used on a l l  circular pipe s e c t i o n s  was 0.002 inch  t h i c k  x 0.5 
inch  w i d e  which had been dimpled by pass ing  t h e  f o i l  between a hardened 
s t ee l ,  coa r se  knurled r o l l e r  working against  a hard p l a s t i c  s h e e t .  The 
e f f e c t i v e  t h i c k n e s s  of t h e  f o i l  a f t e r  dimpling w a s  between 0.009 t o  
0.012 inch .  The i n s u l a t i o n  was a t t ached  by spot  welding t h e  f o i l  t o  the 
loop  and t o  i t s e l f  as succeeding l aye r s  w e r e  a p p l i e d .  A minimum number 
of spot  welds were used t o  minimize conduction hea t  l o s s e s  through t h e  
* 
Now S t e l l i t e  Div is ion  of t h e  Cabot Corporat ion,  Kokomo, Indiana .  
1 2  
Figure 4. 1900°F Lithium Loop During Instrumentation and Insulation 
in the Clean Room Facility. (69-11-9A) 
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Figure 5. Assembled T-111 Alloy 1900°F Lithium Loop Ready for 
Instrumentation and Insulation. (69-11-9B) 
14 
f o i l .  A molybdenum spo t  welder e l e c t r o d e  w a s  used t o  avoid contaminat ion 
of t h e  f o i l  s u r f a c e s  w i t h  copper and an argon cover  gas was used t o  
p ro tec t  a l l  welded areas from ox ida t ion .  The e n t i r e  loop  w a s  i n s u l a t e d  
as descr ibed  above except f o r  t h e  c o r r o s i o n  specimen s e c t i o n  w h i c h i s  
t o  a c t  as t h e  heat  r e j e c t i o n  s e c t i o n  of t h e  loop.  The o u t e r  surface of 
t h e  3-inch d iameter  l i t h i u m  containment tube  which surrounds t h e  tube 
1 
conta in ing  t h e  c o r r o s i o n  specimens w a s  g r i t  b l a s t e d  w i t h  A 1  0 t o  produce 
an e f f e c t i v e  emi t tance  of approximately 0 .4 .  
2 3  
A l l  thermocouples i n s t a l l e d  on t h e  loop  were s p l i t  j u n c t i o n  W-25Re/ 
W-3Re thermocouples which were i n s u l a t e d  w i t h  A1203 and app l i ed  accord ing  
t o  GE-NSP S p e c i f i c a t i o n  03-0019-00-A. The completely assembled, i n s t r u -  
mented and i n s u l a t e d  loop  is  shown i n  F igure  6 .  D e t a i l s  of t h e  thermo- 
couple  feedthroughs and co ld  j u n c t i o n  reference tempera ture  compensation 
were descr ibed  i n  t h e  Test  P lan .  (4) 
A t  t h e  completion of t h i s  s t e p ,  t h e  loop  w a s  covered w i t h  a pro- 
t e c t i v e  polyethylene bag and moved from t h e  f a b r i c a t i o n  and assembly 
area of Bui ld ing  700 t o  t h e  t es t  area i n  Building 314. The spool  p iece  
and loop w e r e  clamped t o  t h e  24-inch d iameter  vacuum chamber sump and 
a l l  f i n a l  e lec t r ica l ,  water and mechanical connec t ions  were made. A l l  
thermocouples were then  checked f o r  c o n t i n u i t y  t o  t h e  c o n t r o l  pane l .  
The complete loop  and vacuum system ready f o r  enc losu re  wi th in  t h e  b e l l  
j a r  is shown i n  Figure 7 .  
The b e l l  j a r  w a s  l oca t ed  i n  p lace  on t h e  spool  piece, clamped down, 
and pump down of t h e  chamber was i n i t i a t e d .  Vacuum chamber bake-outs 
and t h e  surge  t ank  h e a t e r  were turned  on when t h e  chamber p re s su re  
reached 1 x 10  t o r r  and bakeout was allowed t o  cont inue  u n t i l  a f t e r  
t h e  loop w a s  f i l l e d  w i t h  l i t h i u m  as descr ibed  below. P r i o r  t o  f i l l i n g ,  
t h e  loop w a s  p re s su r i zed  t o  50 ps ig  and a n  argon mass scan t aken  i n  t h e  
vacuum chamber t o  v e r i f y  t h a t  no l e a k s  were present  p r i o r  t o  exposure 
t o  l i t h ium.  
-7 
(4)' 'Test P lan  f o r  1900'F Lithium Loop, Advanced Refrac tory  Alloy Corrosion 
11 Loop Program, NASA Contract  NAS 3-6474 (GESP-394). 
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i 
Figure 6. Completely Instrumented and Insulated 1900°F Lithium Loop. 
(70-1 -2A) 
16 
Figure  7. 1900°F Lithium Loop Located on Vacuum Chamber J u s t  P r i o r  
t o  Pos i t i on ing  of t h e  B e l l  J a r .  (70-1-2B) 
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3.  Lithium P u r i f i c a t i o n  and Loop F i l l i n g  
With t h e  spool  p i ece  loca ted  i n  p l ace  on t h e  vacuum chamber sump 
t h e  va r ious  s t a i n l e s s  steel  gas  and l i q u i d  metal l i n e s  were welded 
between t h e  loop  and t h e  l i q u i d  metal t r a n s f e r  system. Bakeout and 
pump down of a l l  loop,  f i l l  and t r a n s f e r  l i n e s  w a s  begun immediately.  
The l i t h ium used t o  f i l l  t h e  loop  w a s  h i g h  p u r i t y ,  vacuum d i s t i l l e d  
and hot t rapped  of an a n a l y s i s  shown i n  Table  111. 
(4 1 F i l l i n g  procedure w a s  as descr ibed  i n  d e t a i l  i n  t h e  Test  P l an .  
In  gene ra l  t h e  procedure was as fo l lows :  
a )  H e a t  loop w i t h  vacuum chamber bakeout and su rge  tank  h e a t e r  
t o  a t  least  400°F. 
b) Sample l i t h i u m  from charge pot  f o r  oxygen and n i t rogen .  
c )  F i l l  surge  t a n k  w i t h  approximately 3500 cc of l i t h i u m .  
d )  P res su r i ze  surge t a n k  t o  50 p s i g  t h u s  f i l l i n g  t h e  loop  
w i t h  l i t h i u m  and a l low t o  c i rculate  30 minutes .  
e )  Dump l i t h ium i n t o  surge t ank .  
f )  Repeat d and e f o r  a t o t a l  of t h r e e  f l u s h e s .  
g )  Sample l i t h i u m  from surge t ank  f o r  oxygen and n i t rogen  
ana lyses .  
The a n a l y s i s  of t h e  l i t h i u m  sample t aken  from t h e  loop  a f t e r  f l u s h i n g  
ind ica t ed  28 ppm oxygen and 2-3 ppm n i t rogen ,  both of which are w e l l  
w i th in  t h e  a l lowable  maximum l i m i t s .  
F i l l i n g  was completed on January 14,  1970; v e r i f i c a t i o n  of t h e  
accep tab le  chemical a n a l y s i s  w a s  rece ived  on- January 15, 1970 a t  which 
t i m e  a low power check out  of a l l  s a f e t y  and c o n t r o l  circuits was i n i t i -  
a t e d .  Loop temperature  w i l l  be increased  a t  a rate such  t h a t  t h e  chamber 
p re s su re  does not exceed accep tab le  l i m i t s  u n t i l  t h e  d e s i r e d  t e s t  t e m -  
p e r a t u r e  of 1900°F i s  reached.  * I  
(4)"Test Plan f o r  1900°F Lithium Loop, Advanced Refrac tory  Al loy  Corros ion  
Loop Program," NASA Cont rac t  NAS 3-6474, GESP-394. 
* 
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( a >  Sample No. 2767 - Lithium from s t i l l  r e c e i v e r  p r i o r  t o  
(b) Sample No. 2776 - Lithium from 1900°F loop  f i l l  system 
( c >  Sample No. 2777 - Lithium from 1900'F loop  f l u s h  a t  450'F. 
1900°F loop  f i l l .  
f l u s h  a t  500'F. 
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C .  ADVANCED TANTALUM ALLOY CAPSULE TESTS 
1 .  Potassium Reflux Capsules 
Two ASTAR 8 1 1 C  potassium r e f l u x  capsu le s  con t inue  on test  a t  220O0F. 
On January 15, 1970, 4050 hours  of t e s t i n g  w e r e  accumulated of t h e  5000 
hour planned t e s t .  The chamber p re s su re  a t  t h a t  t i m e  was 6.2 x 10 t o r r .  -9 
The condensing ra te  f o r  each  of the capsu le s  is determined per iod-  
i c a l l y  by d i v i d i n g  the hea t  r e j e c t e d  pe r  u n i t  of condensing a r e a  by t h e  
hea t  of condensat ion f o r  potassium at t h e  capsule  tempera ture .  The heat 
rejected by t h e  capsu le  t o  t h e  water-cooled s i n k  is  c a l c u l a t e d  us ing  
t h e  fo l lowing  equa t ion  : 
Q12 = C M(AT) 
P 
where : 
C = H e a t  c apac i ty  of t he  coo l ing  water (at t h e  average water 
P 
temperature  ) 
M = Mass of coo l ing  water pe r  u n i t  t i m e  
AT = Temperature d i f f e r e n c e  of i n l e t  and o u t l e t  coo l ing  water. 
The condensing ra tes  and ope ra t ing  cond i t ions  f o r  t h e  two capsu le s  
a r e  very s imi la r  as presented  i n  Table  Iv. 
Capsule t e s t i n g  w i l l  be completed on February 24, 1970 a t  which 
t i m e  t he  capsu le s  w i l l  be removed from t h e  test  f a c i l i t y  f o r  p o s t t e s t  
eva lua t ion .  
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TABLE I V  
CONDENSING RATES AND OPERATION CONDITIONS FOR ASTAR 8 1 1 C  
POTASSIUM REFLUX CAPSULES 
Capsule 1 
Average Condensing Temperature 2195’F 
Condensing Rate a t  Average Temperature 31.0 f 0.39 l b s / h r  f t  
Average Power Input  1572 . w a t t s  
Average Power Loss 60 .O% 
2* 
Vacuum 
To ta l  T e s t  Hours 
6.2 x lo-’ t o r r  
4050 hours 
Capsule 2 
Average Condensing Temperature 2175OF 
Condensing Rate a t  Average Temperature 32.7 k 0.36 l b s / h r  f t  
2* 
Average Power Input 
Average Power Loss  
Vacuum 
T o t a l  Tes t  Hours 
1516 w a t t s  
56.2% 
6.2 x IO-’ t o r r  
40 5 0 hours  
* 
L i m i t s  r ep resen t  95% confidence l e v e l  based on least 
5 squares  l i n e a r  a n a l y s i s  
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FUTURE PLANS 
A .  Complete 10,000 hours  ope ra t ion  of t h e  T-111 Rankine System 
Corrosion T e s t  Loop. 
Complete f i n a l  check-out and c a l i b r a t i o n  of t h e  1900'F Lithium 
Loop and b r ing  t h e  loop  t o  f u l l  ope ra t ing  c o n d i t i o n s .  
B.  
C .  Complete 5000 hours of t e s t i n g  - ASTAR 811C Refluxing Potassium 




r f  
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